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RESPONSE RATE VIEWED AS ENGAGEMENT BOUTS:
RESISTANCE TO EXTINCTION

RicHARD L. SHULL, SCOTT T. GAYNOR, AND JULIE A. GRIMES

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO

Rats obtained food pellets by nose poking a lighted key, the illumination of which alternated every
50 s during a session between blinking and steady, signaling either a relatively rich (60 per hour) or
relatively lean (15 per hour) rate of reinforcement. During one training condition, all the reinforcers
in the presence of the rich-reinforcement signal were response dependent (i.e., a variable-interval
schedule); during another condition only 25% were response dependent (i.e., a variable-time sched-
ule operated concurrently with a variable-interval schedule). An extinction session followed each
training block. For both kinds of training schedule, and consistent with prior results, response rate
was more resistant to extinction in the presence of the rich-reinforcement signal than in the presence
of the lean-reinforcement signal. Analysis of interresponse-time distributions from baseline showed
that differential resistance to extinction was not related to baseline differences in the rate of initiating
response bouts or in the length of bouts. Also, bout-initiation rate (like response rate) was most
resistant to extinction in the presence of the rich-reinforcement signal. These results support the
proposal of behavioral momentum theory (e.g., Nevin & Grace, 2000) that resistance to extinction
in the presence of a discriminative stimulus is determined more by the stimulus-reinforcer (Pavlov-
ian) than by the stimulus-response-reinforcer (operant) contingency.
Key words: resistance to change, behavioral momentum, extinction, bouts, visits, key poke, rats
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Much of the evidence that supports behav-
ioral momentum theory (Nevin, 1992; Nevin
& Grace, 2000) has come from the following
kind of procedure. Two discriminative stimuli
are presented in an alternating sequence dur-
ing training sessions. One of the stimuli sig-
nals a relatively rich variable-interval (VI)
schedule (e.g., VI 1 min), and the other sig-
nals a relatively lean VI schedule (e.g., VI 4
min). After many such training sessions, con-
ditions are altered so as to reduce response
rate and thereby assess the relative resistance
of the response to change in the presence of
the two discriminative stimuli. For example,
following training, the procedure might be
changed to extinction in the presence of the
two discriminative stimuli. The highly reliable
finding is that response rate declines more
slowly, relative to its baseline level, in the
presence of the rich-reinforcement signal
than in the presence of the lean-reinforce-
ment signal (see Nevin, 1992; Nevin & Grace,
2000, for reviews).
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It appears, moreover, that resistance to the
decremental effects of extinction and other
variables depends not so much on the relative
reinforcement of the designated response in
the presence of the discriminative stimulus
but rather on the relative reinforcement re-
gardless of responding in the presence of the
stimulus. That is, resistance to change seems
to depend more on the stimulus-reinforcer
(i.e., Pavlovian) contingency than on the
stimulus-response-reinforcer (i.e., operant)
contingency. Evidence favoring this conclu-
sion comes from procedures in which, during
training, additional reinforcers are presented
independently of the designated response in
the presence of one of the discriminative
stimuli (Dube, Mazzitelli, Lombard, & Mc-
Ilvane, 2000; Grimes & Shull, 2001; Mace et
al., 1990; Mauro & Mace, 1996; Nevin, Tota,
Torquato, & Shull, 1990). For example, one
of the discriminative stimuli might signal a VI
4-min schedule and the other might signal a
VI 4-min schedule plus a concurrently avail-
able variable-time (VT) 1.33-min schedule.
The total rate of reinforcement during the
latter discriminative stimulus, then, is about
four times higher than that during the for-
mer discriminative stimulus. But the rate of
response-dependent reinforcement (for the
designated response) is the same for the two
discriminative stimuli. The result is that re-

211



212

sponse rate during training (i.e., baseline) is
either lower in the presence of the stimulus
that signals the VI + VT schedule than in the
presence of the stimulus that signals the VI
schedule alone or is about the same in the
presence of the two discriminative stimuli
(Burgess & Wearden, 1986; Rachlin & Baum,
1972). Yet responding is reliably more resis-
tant to change—to extinction, for example—
in the presence of the stimulus that had sig-
naled the overall higher rate of reinforce-
ment (i.e., the VI + VT schedule). Thus, nei-
ther the relative reinforcement of a
designated response nor the relative rate of
that response during training predicts the rel-
ative resistance of the response to change. In-
stead, relative resistance to change seems to
depend largely on which discriminative stim-
ulus has signaled the higher rate of reinforce-
ment regardless of responding. That is, it de-
pends on the stimulus—reinforcer (Pavlovian)
contingency.

Although the results cited in support of
this conclusion are reliable, questions have
been raised about their generality. A poten-
tial limitation is that the performance mea-
sure for assessing resistance to change (i.e.,
response rate) is typically computed by treat-
ing all instances of the designated response
as equivalent. Yet reinforced responding
probably is better viewed as organized into
bouts of responses (or visits) separated by pe-
riods of disengagement (Blough, 1963; Davi-
son & Charman, 1986; Gilbert, 1958; Mell-
gren & Elsmore, 1991; Nevin & Baum, 1980;
Pear & Rector, 1979; Premack, 1965; Shull,
Gaynor, & Grimes, 2001). Moreover, the rate
of initiating bouts and the responding within
bouts are controlled by different classes of in-
dependent variables (Blough, 1963; Mechner,
1992; Shull et al., 2001). Thus, response rate,
as typically computed, is a composite mea-
sure. Variables that affect total response rate
similarly can affect the components of re-
sponse rate (i.e., bout-initiation rate, re-
sponse rate during bouts, and the length of
bouts) differently. Bout-initiation rate, for ex-
ample, is consistently related to relative rein-
forcement variables even when total response
rate is not (Shull et al.).

Conceivably, then, the interpretation of a
resistance-to-change test could depend on
whether the performance measure is total re-
sponse rate or boutinitiation rate. For ex-
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ample, the different rates of baseline re-
sponding under a multiple VI 1-min VI 4-min
schedule seem to result mainly from corre-
sponding differences in boutinitiation rate
(Shull et al., 2001). Assuming that such find-
ings for bout-initiation rate under VI sched-
ules are general, differential resistance to ex-
tinction following training under a multiple
VI 1-min VI 4-min schedule would be corre-
lated with the differential disposition to ini-
tiate bouts of responding established during
baseline. If conditions were changed such
that 75% of the 60 reinforcers per hour dur-
ing the rich-reinforcement signal were now
delivered independently of responding (i.e.,
a VI 4min + VT 1.33-min schedule), the re-
sponse rate would be lower than when all the
reinforcers were response dependent (i.e.,
during the former VI l-min component).
This lower total response rate in the rich-re-
inforcement component might result from a
relatively high bout-initiation rate combined
with a relatively low number of responses per
bout compared to the rich VI component
alone. Thus, unlike the multiple VI 1-min VI
4-min schedule, a multiple VI 4-min + VT
1.33-min VI 4-min schedule might engender
similar total response rates across compo-
nents during baseline training. But the dis-
position to engage in the operant behavior,
as measured by bout-initiation rate, might re-
main higher in the presence of the VI 4-min
+ VT 1.33-min signal (as seems likely for the
rich VI component of a multiple VI VI sched-
ule). If that happened, resistance to change
in both the multiple VI (rich) VI (lean) and
multiple VI + VT (rich) VI (lean) schedule
situations would, in fact, correspond to the
baseline rate of operant behavior, in the
sense of bout initiations rather than individ-
ual instances of the designated response.
However, the similarities in total response
rate during the baseline training with VI +
VT (rich) and VI (lean) would have masked
the systematic differences in bout-initiation
rate, which may be critical for producing the
differential resistance to change. Following
this line of reasoning, we compared total re-
sponse rate and bout-initiation rate using
both multiple VI (rich) VI (lean) and multi-
ple VI + VT (rich) VI (lean) schedules.
There are, as well, other possible combi-
nations of different bout-initiation rates and
responses per bout that could result in similar
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total response rates between the two discrim-
inative stimuli during baseline. In addition to
different bout-initiation rates, the two kinds
of schedule (VI and VI + VT) might generate
different bout lengths (i.e., different average
numbers of responses per bout), and these
response units might be differentially suscep-
tible to disruption by extinction. Differential
resistance to extinction at the level of total
response rate might better be interpreted,
then, as reflecting the stability of different op-
erant units (e.g., different bout lengths)
formed during training than as reflecting the
relative strength of equivalent operant units.
Other researchers appear to have had similar
concerns (Branch, 2000; Galbicka & Kessel,
2000; Shimp, 2000; see also Doughty & Lattal,
2001, and Neuringer, Kornell, & Olufs, 2001,
for additional evidence that different operant
units can be differentially susceptible to dis-
ruption).

A different approach to the same issue em-
phasizes possible parallels between the
pause—bout character of reinforced respond-
ing and features of natural foraging behavior.
Mellgren and Elsmore (1991) suggested that
the pauses between bouts might be analogous
to the search mode in foraging, and respond-
ing within bouts might be analogous to pro-
curement or prey handling. From this con-
ceptualization, and from considering data
from studies of foraging, Mellgren and Els-
more were led to the interesting hypothesis
that the relation between resistance to extinc-
tion and the rate of reinforcement during
training might be different—in fact oppo-
site—for responding within bouts and for
bout initiations. They reasoned that the re-
lation would be positive for within-bout re-
sponding (consistent with the results de-
scribed above on resistance to change) but
negative for bout initiations. Indeed, they
found some evidence for this sort of dissoci-
ation in the performance of rats that ob-
tained food by lever pressing and then were
subjected to extinction. For this analysis, in
their study, rate of reinforcement was varied
between different groups of rats; each rat was
trained under a single rate of reinforcement.
It is therefore unknown whether similar re-
sults would be obtained following training in
which two different discriminative stimuli al-
ternate during a session, each correlated with
a different rate of reinforcement. Such pro-
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cedures are likely to be critical for establish-
ing the sorts of stimulus-reinforcer contin-
gencies that appear to determine resistance
to change, at least as assessed by total re-
sponse rate (Cohen, 1998). Yet from Mell-
gren and Elsmore’s results and hypothesis,
one might expect bout-initiation rate to be
most resistant to extinction in the presence of
the discriminative stimulus that signaled the
lower rate of reinforcement during training,
contrary to the basic generalization of behav-
ioral momentum theory (Nevin & Grace,
2000).

There are, then, grounds for supposing
that resistance to extinction might be posi-
tively correlated with bout-initiation rate dur-
ing baseline, even when only some of the
rich-schedule reinforcers are response depen-
dent. At the same time, there are grounds for
supposing that the correlation might be neg-
ative (Mellgren & Elsmore, 1991). Either out-
come would suggest limits on the conclusion
that resistance to extinction depends more
on the stimulus—reinforcer contingency than
on the response-reinforcer contingency.

The purpose of the present study was to
assess the possible relations between bout-ini-
tiation rate and bout length on the one hand,
and resistance to extinction on the other.
This assessment was carried out in three
steps. The first involved replicating, with total
response rate as the dependent measure, the
previously reported finding that responding
is most resistant to extinction in the presence
of whichever discriminative stimulus has sig-
naled the higher rate of reinforcers, whether
those reinforcers were delivered by a VI
schedule or by a VI + VT schedule. The next
step involved examining the relations be-
tween baseline measures of bout perfor-
mance (i.e., bout-initiation rate and bout
length) and resistance to extinction. Finally,
the resistance to extinction of bout-initiation
rate and bout length was assessed.

Rats obtained food pellets by nose poking
a key that was illuminated either with a blink-
ing light or with a steady light. These light-
status components (i.e., the discriminative
stimuli) alternated throughout each session
and signaled either a relatively rich or a rel-
atively lean rate of reinforcement. For one
training condition (i.e., a block of training
sessions), all reinforcers were response de-
pendent. That is, the discriminative stimuli
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were correlated with different VI schedules,
one rich and one lean. For another training
condition, approximately 75% of the rein-
forcers in the presence of the rich-reinforce-
ment signal were delivered independently of
responding (i.e., VI + VT). An extinction test
was given following each of these training
conditions. The novel contribution of our
study comes from recording interresponse
times (IRTs) during baseline and extinction
so as to assess the effects of the training
schedules and extinction on bout-initiation
rate and on the average number of responses
per bout.

METHOD
Subjects

Eleven male Long Evans hooded rats, iden-
tified as members of Squad 1 (4 rats), Squad
A (4 rats), or Squad B (3 rats; a 4th rat in
this squad died before the start of the present
project), served as subjects. The rats were
housed in individual plastic cages offering
free access to water. The temperature in the
housing room was maintained at about 22 °C,
and the overhead lights in the room were on
from about 6:00 a.m. until 6:00 p.m. each
day; the experimental sessions were conduct-
ed during the lights-on periods.

The rats were obtained from a commercial
breeder at about 6 weeks of age. To adapt
them to being picked up, daily handling be-
gan immediately and lasted for several weeks.
Following this acclimation period, a food-
deprivation regimen was initiated during
which each rat was given free access to food
(lab blocks) for about 1.5 hr each day. Train-
ing in the experimental chambers began
when the rats reached a weight of about 250
g (about 4 months old). Once training be-
gan, the rats were fed, in their home cages,
for at least 1 hr following each daily session
(usually, between 1 and 1.5 hr). With this reg-
imen, the rats gradually gained weight, level-
ing off between 315 and 345 g, a weight that
was sustained for the duration of the project.
This weight range has been described as an
appropriate and effective deprivation level
for male Long Evans hooded rats (Ator,
1991).

The squads of rats differed in age and prior
experimental histories. At the beginning of
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this project the rats in Squad 1 were about 4
months old, those in Squad A were about 15
months old, and those in Squad B were about
7 months old. The rats in Squad A had spent
the previous year in a study involving choice
between different signaled delays of food re-
inforcement; the rats in Squad B had spent
the previous 4 months responding under var-
ious multiple schedules of food reinforce-
ment; the rats in Squad 1 had been involved
in no prior projects.

Apparatus

Each rat was assigned to one of four ex-
perimental chambers for the duration of the
experiment. The chambers were each 30 cm
wide by 32 cm deep by 30 cm high, construct-
ed of sheet metal (top and three sides), clear
plastic (rear door, 21 cm by 30 cm), and stain-
less steel rods (0.7 cm diameter) spaced 1 cm
apart (floor). Food pellets were delivered
into a small metal food tray and were acces-
sible via a square opening (4.4 cm by 4.4 cm)
in the middle of the front panel, 4.3 cm
above the floor. An electrical pulse to a Ger-
brands pellet dispenser located behind the
front panel caused a 45-mg Noyes Formula A
pellet to drop into the food tray. The opera-
tion of the dispenser made a click, and the
pellet landing in the tray made a plinking
sound a fraction of a second later; both
sounds were easily heard by a person stand-
ing several meters from the chamber. Pellet
deliveries were not signaled by any change in
illumination.

A translucent plastic key (a Lehigh Valley
Electronics pigeon key) was mounted behind
a round hole (1.9 cm diameter) through the
left wall. The center of the key was 5.1 cm
toward the rear of the chamber from the
front wall and 6.2 cm above the floor. The
key could be illuminated from behind with
either a blinking white light (two flashes per
second) or a continuously illuminated
(steady) white light (two GE No. 1829 bulbs
operated at 28 VDC). A response was record-
ed when the key was pushed a distance of
about 1.5 mm (measured at the center) with
a force of at least 0.18 N (three of the four
chambers) or 0.3 N (the fourth chamber;
Rats 14, A4, and B3). Such responses pro-
duced a brief click from a small snap-action
switch connected to the key. The rats were
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observed nearly always to poke the key with
their noses; occasionally they used their paws.

In the back left corner of the chamber (ap-
proximately 24 cm from the front wall and
2.5 cm above the floor) was a small hole
through which a metal drinking spout ex-
tended about 1 cm into the chamber. The
spout was attached to a water bottle suspend-
ed outside the chamber and allowed free ac-
cess to water during each session.

The four chambers were placed, two to a
shelf, on a cart. The chambers were not
sound shielded; it was apparent that each rat
quickly learned to go to its food tray only
when its own feeder operated. The four
chambers typically operated at the same time,
although out of phase. As an occasional
check, however, an experimental session was
conducted with 1 rat in isolation. These ses-
sions provided no evidence of systematic dif-
ferences attributable to whether or not the
other chambers were operating.

The experimental sessions were conducted
with the lights in the room darkened. A dim
light, however, entered the room from the
hallway through a translucent window, per-
mitting easy observation of the rats regardless
of whether the key was illuminated or dark-
ened. The key provided the only source of
illumination in the chambers (i.e., there was
no houselight or feeder light). Experimental
events were controlled and data recorded by
a special-purpose computer connected to
each chamber (Walter & Palya, 1984).

Procedure

For the rats in Squad 1, key poking was es-
tablished by reinforcing successively closer
approximations with food pellets (shaping).
Following shaping, the rats were given a few
days’ training on progressively longer VI
schedules and then shifted to the first con-
dition of the experiment. The rats in Squads
A and B already had considerable experience
obtaining pellets by key poking; they began
their first condition without any additional
preliminary training.

For both conditions, the basic procedure
was a two-component multiple schedule. That
is, during each session the schedule alternat-
ed every 50 s between a component signaled
by a blinking light (two flashes per second)
and a component signaled by a steady light.
Dark periods (5 s) separated each compo-
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nent. Each daily session consisted of 40
blink-steady cycles (80 total components)
and lasted approximately 87 min. Within a
condition, one schedule of reinforcement
was correlated with the blinking keylight and
a different schedule of reinforcement was
correlated with the steady keylight. (Respond-
ing had no programmed consequences dur-
ing the 5-s blackouts between keylight com-
ponents.)

For the first condition, the rich-reinforce-
ment discriminative stimulus (steady light for
the rats in Squad 1; blinking light for the rats
in Squads A and B) was correlated with a VI
1-min schedule (60 pellets per hour), and the
lean-reinforcement discriminative stimulus
(blinking for the rats in Squad 1; steady for
the rats in Squads A and B) was correlated
with a VI 4-min schedule (15 pellets per
hour). Technically, this procedure is a multi-
ple VI 1-min VI 4-min schedule. Each of the
VI schedules (for this and the second condi-
tion) was comprised of 16 different intervals
and provided a roughly constant probability
of reinforcement in time since the last rein-
forcer (Fleshler & Hoffman, 1962; Hantula,
1991). Upon the first presentation of a com-
ponent in a session and immediately follow-
ing each presentation of an assigned rein-
forcer, one of the 16 intervals was randomly
selected (with replacement). Once an inter-
val had assigned a reinforcer, the next inter-
val did not begin to time until after the as-
signed reinforcer had been delivered. If an
assigned reinforcer had not been delivered
when a component ended, the reinforcer as-
sighment was held over to the next presen-
tation of that component. Likewise, at the
end of a 50-s component, the time elapsed
toward completion of an interval was saved so
that the interval resumed timing at the same
point when the program returned to that
component.

For the second condition, during the rich-
reinforcement discriminative stimulus, key
pokes were reinforced by a VI 4-min schedule
(15 pellets per hour) and a VI 1.33-min
schedule operated concurrently, delivering
pellets independently of any response (45
pellets per hour), for a total of 60 reinforcers
per hour. Thus, approximately 75% of the re-
inforcers were presented independently of
key poking. The lean-reinforcement discrim-
inative stimulus again was correlated with a
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Table 1

The order of conditions, the schedules of reinforcement that were in effect in the presence
of each of the two discriminative stimuli, the type of discriminative stimulus that signaled the
rich-reinforcement component during training (blinking keylight or steadily illuminated key-
light), and the number of training sessions preceding each extinction test. The rich-reinforce-
ment component of the multiple schedule provided an average of about four times as many
food pellets as did the lean-reinforcement component.

Light status during rich

Sessions until extinction

Condition Squad 1 Squad A Squad B Squad 1 Squad A Squad B
VI 1 min (rich) VI 4 min (lean) Steady Blink Blink 21 27 30
VI 4 min + VT 1.33 min (rich) VI 4 min (lean)
Extinction 1 Steady Blink Blink 43 30 30
Extinction 2 Steady Blink Blink 25 15 12

VI 4-min schedule of reinforcement (i.e., 15
reinforcers per hour). Technically, this pro-
cedure is a multiple concurrent VI 4-min VT
1.33-min VI 4-min schedule. The VT sched-
ules were constructed and operated as de-
scribed above for the VI schedules, except
that the food pellet was delivered immediate-
ly after an interval of the VT elapsed, regard-
less of responding.

Tests for resistance to extinction were car-
ried out exactly like baseline training for the
relevant condition except that after the 10th
cycle (i.e., during the last 30 cycles), no food
pellets were delivered. (Note that the first 10
cycles continued baseline training.) One ex-
tinction session was given following training
under the first condition (all reinforcers were
response dependent). Two extinction ses-
sions were given following training under the
second condition; they were separated by ad-
ditional sessions of baseline training.

With few exceptions, sessions were con-
ducted 7 days per week. Table 1 summarizes
the training conditions and lists the number
of sessions given prior to each extinction ses-
sion. The number of training sessions ap-
peared to be more than sufficient to generate
stable baseline rates of responding in the
presence of the two discriminative stimuli
(i.e., no apparent upward or downward
trends in response rates for any of the rats).
Some results of the baseline training preced-
ing the first two extinction sessions were pre-
sented, in a different context, in Shull et al.
(2001) for the rats in Squads A and B.

Interresponse times were recorded sepa-
rately for each discriminative stimulus during
the last three baseline sessions of each con-

dition (but only during the last session prior
to the third extinction test for the rats in
Squads A and B). The IRTs were also record-
ed during extinction sessions. The computer
listed IRTs in units of 0.01 s, but our system
actually registered IRTs to about the nearest
0.1 s. The IRT for the first response in each
50-s discriminative stimulus component was
measured from the start of the component;
the IRTs of all subsequent responses during
the component were measured from the pre-
vious response.

RESULTS

Baseline Performance and Resistance to
Extinction

Figure 1 shows, for the rats in Squad 1, how
response rate in the presence of the two dis-
criminative stimuli changed over consecutive
10-cycle segments of the extinction sessions.
Because the y axis is scaled logarithmically,
vertical distance indicates relative change.
Thus, the shallower the slope of a plot, the
more resistant the indicated response rate
was to extinction. Differential persistence is
indicated by plots that diverge. As expected
from prior results, response rate declined
more slowly during the extinction sessions in
the presence of the rich-reinforcement signal
than in the presence of the lean-reinforce-
ment signal. This was true regardless of
whether all or only about 25% of the rein-
forcers in the presence of the rich-reinforce-
ment signal had been response dependent
(compare the plots in the left column of pan-
els of Figure 1 with those in the middle and
right panels).
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VI 4-min vs Vi 1-min

VI 4-min vs VI 4-min + VT 1.33-min
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Fig. 1.

Cycles

Response rates during extinction sessions for each of the 4 rats in Squad 1. The schedules of reinforcement

that had been in effect during baseline training in the presence of the two discriminative stimuli of the multiple-
schedule pair are indicated at the top. Note that for the panels in the left column all the reinforcers had been
response dependent during the rich-reinforcement discriminative stimulus. For the middle (first test) and right
(second test) columns, about 75% of the reinforcers during the rich-reinforcement discriminative stimulus had been
delivered independent of responding during baseline (i.e., on a VT schedule). The unconnected data points at the
far left show the mean response rates over the last five sessions of baseline training. Each connected point shows the
response rate averaged over the prior 10 cycles during the extinction session. Because the baseline training schedules
were in effect during the first 10 cycles of the extinction test session, the first connected point in each plot provides
another estimate of baseline response rate. Because the y axis is scaled logarithmically, the slopes of the lines indicate
relative change in response rate. Plots that drop below 0.1 responses per minute indicate that no responses occurred
during that block of cycles; a value of 0.06 was arbitrarily entered for those no-response occasions.

Figure 1 also shows the response rates in
the presence of the two discriminative stimuli
at the end of baseline training (unconnected
points at the far left in each panel). More-
over, because the baseline training schedules
operated during the first 10 cycles of the ex-
tinction session, the initial point in each plot
serves as an additional sample of baseline re-
sponse rate. As expected, rates of key poking
in the presence of the two discriminative

stimuli differed relatively more from each
other when all the reinforcers in the presence
of the rich-reinforcement signal were re-
sponse dependent than when only 25% were
(compare the vertical distances between the
pairs of baseline points in the left column of
panels of Figure 1 with those in the middle
and right panels). In short, the data in Figure
1 replicate (with rats and key poking) the
well-established finding that resistance to ex-
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Fig. 2. Log survivor plots of IRTs (semilog plots of the proportion of IRTs longer than ¢s) from the baseline
sessions that immediately preceded the corresponding extinction sessions represented in Figure 1. The schedules of
reinforcement that were in effect during baseline training in the presence of the two discriminative stimuli of the

multiple-schedule pair are indicated at the top.

tinction in the presence of a discriminative
stimulus is related to the relative rate of re-
inforcement that has occurred in the pres-
ence of the stimulus but not to the relative
reinforcement of the response or to the rel-
ative rate of the response between the two
discriminative stimuli during baseline.

We next consider IRT data in order to de-
termine the boutinitiation rates and the
number of responses per bout during base-
line training. For this purpose, log survivor
plots have proven to be useful (see Shull et
al., 2001, for an extensive discussion). These
are semilogarithmic plots of the proportion
of IRTs longer than ¢ time units (here, sec-
onds). Figure 2 shows log survivor plots of
IRTs from the baseline training session that
occurred immediately prior to each of the ex-

tinction sessions that produced the data
shown in Figure 1. Consider first the plots in
the left column (VI 1 min and VI 4 min).
Most of the plots have what is sometimes
called a broken-stick appearance (e.g., Clifton,
1987), which indicates that responses have
been emitted at two different rates, as im-
plied by the pause-bout conception of re-
sponse rate (Howard, 1963, pp. 14-16; Sibley,
Nott, & Fletcher, 1990; Tolkamp, Allcroft,
Austin, Nielsen, & Kyriazakis, 1998). The two
plots in each panel appear to break at about
the same point along the y axis, but then the
limb for the lean-reinforcement schedule (VI
4 min) remains flatter than the limb for the
rich-reinforcement schedule (VI 1 min). As
discussed by Shull et al., if the limb to the
right of the break in each plot is reasonably
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linear (with logarithmic y axis), its slope can
be interpreted as indicating the bout-initia-
tion rate. The steeper the slope, the higher
the bout-initiation rate; thus, for each of the
rats, the richer VI schedule generated the
higher boutinitiation rate (Figure 1, left col-
umn). If a bout-initiation limb is extrapolated
back to where it would intersect the y axis,
that point indicates the proportion of total
responses that are bout initiations, the in-
verse of which is the mean number of re-
sponses per bout. Thus, the longer the initial
limb is before the break, the larger the num-
ber of responses per bout (i.e., bout length).
It is apparent, for example, that bout lengths
were longer for Rat 13 than for Rat 14. But
for each rat, the bout lengths were similar for
the two schedules of the pair. Considering the
panels in the left column, then, the value of
the VI schedule had a systematic effect on the
bout-initiation rate (i.e., the diverging limbs
to the right of the break) but little effect on
the number of responses per bout (as im-
plied by the similar y-axis intercepts of the
two bout-initiation limbs in each panel).

When 75% of the reinforcers in the rich-
reinforcement component were response in-
dependent (middle and right columns of Fig-
ure 2), the bout-initiation rates were similar
in the presence of the two discriminative
stimuli. Indeed, there is no systematic differ-
ence in any feature of the log survivor plots
of IRTs between the VI (lean) and the VI +
VT (rich) schedules. Thus, the differential re-
sistances to extinction (Figure 1) were not
correlated with differences during baseline in
total response rate (as has already been well
established) or with differences in two com-
ponents of total response rate—namely, bout-
initiation rate and number of responses per
bout.

The detailed data shown in Figures 1 and
2 are from the 4 rats in Squad 1. Instead of
presenting the corresponding detailed data
from the remaining 7 rats, we provide sum-
mary measures of the relevant aspects of per-
formance for all 11 rats in Figure 3. The data
in the top three rows indicate performance
during baseline. The performance measures
are summarized as logarithms of ratios; a val-
ue of zero indicates no difference in the per-
formance measure between the two discrim-
inative stimuli [i.e., log(l) = 0]. Positive
values indicate that the performance measure
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was higher for the rich-reinforcement signal
than for the lean-reinforcement signal. Neg-
ative values indicate the reverse. The perfor-
mance measure in the bottom row indicates
the relative resistance to extinction, again in
logarithmic form, so that positive values in-
dicate greater resistance in favor of the rich-
reinforcement signal.

More specifically, total response rates (top
row) were calculated in the usual way: Total
key pokes in the presence of a discriminative
stimulus were divided by the time spent in the
presence of the discriminative stimulus. Bout-
initiation rates (second row) and the mean
numbers of responses per bout (third row)
were calculated from log survivor plots by the
method described by Shull et al. (2001). A
straight line (log y axis) was fit to the segment
of the log survivor plot from 1 s through 12
s. The slope of that best fitting line was then
taken as an estimate of the bout-initiation
rate; the inverse of the y-axis intercept gave
the mean number of responses per bout. The
log relative resistance index (cf. Grace & Nev-
in, 1997, 2000) was calculated as log (R,/Ry)
— log (L,/Ly), where R, indicates the total
response rate in the presence of the rich-re-
inforcement signal during the true extinction
portion of the extinction session (i.e., over
Cycles 11 through 40), and R; indicates the
total response rate in the presence of the
rich-reinforcement signal during baseline; L,
and Ly indicate the corresponding response
rates in the presence of the lean-reinforce-
ment signal. The ratios (R,/Ry and L,/L)
express response rate in extinction as a pro-
portion of baseline response rate. Thus, the
difference between the logarithms of these
ratios indicates whether response rate was
more resistant to extinction, relative to its
baseline level, in the presence of the rich-re-
inforcement signal (positive values) or in the
presence of the lean-reinforcement signal
(negative values). The size of the difference
between the logarithms indicates the magni-
tude of the relative difference between the
resistances for the two discriminative stimuli.

The purpose of Figure 3 is to facilitate in-
spection for any general relation between
performance during baseline and resistance
to extinction. No such relation is apparent.
The relative-resistance-to-extinction indexes
(bottom row) were positive in every case, and
their magnitudes did not differ systematically
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as a function of whether all or only about
25% of the reinforcers in the presence of the
rich-reinforcement discriminative stimulus
had been response dependent. In contrast,
the ratio of total response rates (top row) and
the ratio of bout-initiation rates (second row)
usually decreased toward equality when the
percentage of response-dependent reinforc-
ers in the presence of the rich-reinforcement
discriminative stimulus went from 100% (left
clusters) to 25% (middle and right clusters).
Indeed, in some cases in which only 25% of
the reinforcers were response dependent, the
response rates and bout-initiation rates were
relatively higher in the presence of the lean-
reinforcement signal (negative values in the
top two rows, middle and right clusters). The
baseline average number of responses per
bout (third row from the top) tended to be
somewhat higher in the presence of the rich-
reinforcement signal than in the presence of
the lean-reinforcement signal when all the re-
inforcers were response dependent, but the
relative difference was small and not entirely
consistent across rats. There was no system-
atic difference between the discriminative
stimuli in the number of responses per bout
when only 25% of the reinforcers in the pres-
ence of the rich-reinforcement signal were re-
sponse dependent. In all, these patterns of
results are entirely consistent with the pat-
terns discussed earlier in relation to the more
detailed presentations in Figures 1 and 2 for
the rats in Squad 1. They confirm that rela-
tive resistance to extinction is not related to
baseline differences between the two discrim-
inative stimuli in any of the performance
measures that we considered. Instead, relative
resistance to extinction is directly related to
the relative reinforcement that has been cor-
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related with the discriminative stimuli during
baseline training.

Bout-Initiation Rate and Bout
Length During Extinction

One of our aims in obtaining IRTs was to
track the changes in bout-initiation rate and
responses per bout throughout extinction
sessions. We did this two different ways. First,
we attempted to measure bout-initiation rate
and responses per bout from log survivor
plots of IRTs recorded during different seg-
ments of each extinction session. This ap-
proach was not particularly successful, how-
ever, mainly because the number of IRTs per
sample was often quite small, especially for
segments late in extinction. When the sample
size is small, the estimates from the limbs of
the log survivor plots tend to be unreliable.
Although there is no criterion number for a
minimum sample size, it may be worth noting
that the baseline log survivor plots in Figure
2 were based on a mean sample size of 695
IRTs. In contrast, many of the 10-cycle sam-
ples from extinction sessions contained fewer
than 15 IRTs. Nevertheless, we describe some
results of the within-extinction analysis based
on log survivor plots because the results
seemed at least suggestive of interesting con-
clusions.

Our second approach to estimating bout-
initiation rate and responses per bout within
extinction sessions followed what might be
called the cutoff IRT method (e.g., Mellgren
& Elsmore, 1991). Initially, some IRT dura-
tion (e.g., 1 s) is selected as a criterion value.
All responses that end an IRT that is longer
than the criterion are classed as bout initia-
tions; all other responses are classed as with-
in-bout responses. Considering where the

Fig. 3.

Summary of performance measures from baseline (top three rows) and from the corresponding extinction

session (bottom row) for all 11 rats (Squads 1, A, and B). Each bar represents the data point from an individual rat
(ordered from left to right in each cluster). The clusters correspond to one of the three resistance-to-extinction
assessments, as indicated by the labels at the bottom. For each training condition, the rate of reinforcement during
the rich-reinforcement signal was approximately four times that in the presence of the lean-reinforcement signal
(approximately 60 vs. 15 reinforcers per hour). Total response rate in the presence of each of the two discriminative
stimuli was computed from the session totals. Bout-initiation rate and average number of responses per bout were
estimated from fits to the limbs of log survivor plots, as described in the text. The bars in the top three rows show
the common logarithm of the ratios of these response measures (rich reinforcement to lean reinforcement). The
measure of relative resistance to extinction is described in the text. For all four rows of data, positive values indicate
that the performance measure was higher in the presence of the rich-reinforcement signal than in the presence of
the lean-reinforcement signal. Negative values indicate the reverse. The performance measures that were the basis
of these ratios are listed in the Appendix.
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breaks occurred in the baseline log survivor
plots (e.g., Figure 2), we set the criterion du-
ration at 1 s. This value seemed sufficiently
to the right of the break to exclude most of
the within-bout responses from the bout-ini-
tiation class and sufficiently close to the break
so as not to misclassify too many bout initia-
tions as within-bout responses. (In fact, we re-
peated the analysis with cutoff IRT values set
at 0.7 s, 5 s, and 10 s; the pattern of results
to be described shortly was essentially the
same regardless of the cutoff duration.)
There are some disadvantages with the cutoff
IRT method of estimating bout-initiation rate
and responses per bout, as discussed by Shull
et al. (2001), but none are seriously problem-
atic for the present purpose of tracking rela-
tive trends during extinction. One advantage
of the cutoff IRT method is that it can be
applied even with small sample sizes. One
simply counts the number of responses of a
given type and divides by the time base to
determine a rate. (If bout-initiation rates are
high or bout lengths long, the time during
bouts should be subtracted from the time
base for calculating bout-initiation rate. That
correction would have had a negligible effect
in the present data, and we did not make that
correction.)

Log survivor estimates. Recall that the first 10
cycles of the 40-cycle extinction session were
a continuation of baseline training. We used
the IRTs from those 10 cycles to estimate
baseline performance measures. Then we
used the IRTs from Cycles 11 through 20 to
estimate performance measures early in ex-
tinction and those from Cycles 21 through 40
to estimate performance measures during the
latter part of the extinction session. Note that
these samples include a larger block of cycles
as extinction progressed. This was done to
generate a larger sample late in extinction
than would have been possible had the sam-
ples been derived from consecutive 10-cycle
blocks.

Figure 4 shows log survivor plots from the
segments of the extinction session following
training with VI 1 min and VI 4 min for the
4 rats in Squad 1. Although it is difficult to
discern a consistent pattern, there was some
tendency for the boutinitiation rates to de-
crease over the course of extinction. Such a
pattern is most evident for Rat 12 (left col-
umn): The tails of the log survivor plots tend

RICHARD L. SHULL et al.

to rotate upward as extinction progressed.
Also, there was some tendency for the bout-
initiation rate to approach zero (either a hor-
izontal limb or no plot due to a lack of re-
sponding during the segment) more quickly
in the presence of the lean-reinforcement sig-
nal (right column) than in the presence of
the rich-reinforcement signal (left column).
There was also some evidence that the num-
ber of responses per bout decreased as ex-
tinction progressed. Such an effect is shown
by an upward movement of the jyaxis inter-
cept, extrapolating the limb back to the vy
axis, as extinction continued. One notable
feature of these log survivor plots is that they
retain their broken-stick appearance, even
late in extinction. That is, responding re-
mains pause-bout in character throughout
much of extinction.

As can be inferred from the variability ap-
parent in the sample of log survivor plots in
Figure 4, the numerical estimates of bout-ini-
tiation rate and average number of responses
per bout that were derived from such log sur-
vivor plots produced extinction functions that
were highly variable among the 11 rats. Plots
of the mean values over the 11 rats, however,
provide some evidence of orderly trends, as
shown in Figure 5. Mean bout-initiation rate
decreased over the extinction session and did
so differentially, declining more slowly in the
presence of the rich-reinforcement signal
than in the presence of the lean-reinforce-
ment signal. Moreover, this differential per-
sistence in bout-initiation rate was apparent
whether the reinforcers in the presence of
the rich-reinforcement signal had been 100%
response dependent (left panel) or only
about 25% response dependent (middle and
right panels). The average number of re-
sponses per bout also declined over the ex-
tinction session, to a slightly greater extent in
the presence of the lean-reinforcement signal
than in the presence of the rich-reinforce-
ment signal. The differential persistence of
average number of responses per bout, how-
ever, was considerably smaller than that for
bout-initiation rate. (The conclusions from
the plots in Figure 5 would have been similar
had median values been plotted instead of
means.)

Cutoff IRT method. Figure 6 likewise shows
that the rate of bout initiations (defined by
the cutoff IRT method) declined more slowly
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Fig. 4. Log survivor plots of IRTs from different blocks of cycles during the extinction test session following
baseline training under a multiple VI 1-min VI 4-min schedule of reinforcement. Each row of plots shows the data
from a different rat in Squad 1. The plots in the left column show data from the rich-reinforcement discriminative
stimulus; those in the right column show data from the lean-reinforcement discriminative stimulus. Cycles 1 through
10 provided reinforcement as under baseline; extinction was in effect during the remaining 30 cycles. Missing plots
indicate that no responses occurred in the presence of the discriminative stimulus during that block of cycles.

throughout extinction in the presence of the
rich-reinforcement signal than in the pres-
ence of the lean-reinforcement signal. The
size of the differential persistence is about the
same, regardless of whether all or only 25%
of the reinforcers in the presence of the rich-
reinforcement signal had been response de-
pendent. Here the differential persistence is
apparent in the plots for the individual rats
(Squad 1).

An index of differential persistence, similar
to the one shown in the bottom row of Figure

3, can be computed for the extinction plots
of bout-initiation rate, such as those in Figure
6 (cf. Grimes & Shull, 2001). For this index,
the bout-initiation rates during the first 10 cy-
cles of the extinction session were taken as
baseline values. Then for each discriminative
stimulus, the bout-initiation rate in each con-
secutive 10-cycle segment of extinction was
expressed as a proportion of its baseline rate,
and the logarithm of the proportion was de-
termined. The resistance score for each dis-
criminative stimulus is the mean of these log-
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Fig. 5.  Within-session extinction functions for bout-initiation rate (top row) and average number of responses per
bout (bottom row) derived from log survivor plots. The points show geometric mean values computed over the 11
rats. The first 10 cycles of the extinction test session provided reinforcers as during baseline. The schedules in effect
during the immediately prior baseline training are indicated at the top. When the bout-initiation rate for a block of

cycles was zero (or undefined because of no responses),

a value of 0.04 per minute was entered. This provided a

conservative estimate. Such a correction was required for 14 of the 132 entries in the data set (i.e., for 7 of 44, 2 of
44, and 5 of 44, respectively, for the left, middle, and right panels). Note that the cycle blocks, from left to right in

cach panel, are partly overlapping and progressively larger.

arithms. The relative resistance index is the
difference between these mean logarithms
for the two discriminative stimuli. Formally,
this index is computed as (1/3) 3 log (R,/
Ry) — (1/3) X log (L,/Ly), where the terms
are as described earlier in conjunction with
Figure 4. For comparison, the same kind of
index was computed for the extinction plots
for total response rate, as shown in Figure 1.
Table 2 lists these mean log relative resistance
indexes for all 11 rats, for all three extinction
tests, and for both bout-initiation rate and to-
tal response rate. For bout-initiation rate, 32
of the 33 indexes are positive in sign, indi-
cating greater resistance to extinction in the
presence of the rich-reinforcement signal.
For total response rate, 31 of the 33 of the
indexes are positive in sign. Thus, conclu-
sions about which discriminative stimulus en-
genders the more persistent responding are
the same whether they are based on total re-
sponse rate or on bout-initiation rate.

Further evidence of the consistency be-
tween total response rate and bout-initiation
rate in their differential resistances to extinc-
tion is shown in Figure 7. The mean log rel-
ative resistance indexes based on the two per-
formance measures correspond closely. For
the first, second, and third extinction tests,
the 12 values for the best fitting straight lines
are .76, .93, and .84, respectively. In other
words, for a particular rat and extinction test,
if differential resistance was relatively weak
(or strong) based on total response rate, it
was also likely to be weak (or strong) based
on bout-initiation rate. This was true whether
all or only 25% of the reinforcers during the
rich-reinforcement signal were response de-
pendent.

Figure 8 shows that the average number of
responses per bout (derived from the cutoff
IRT method) tended to decrease over the
course of extinction for 3 of the 4 rats in
Squad 1. The number of responses per bout
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Fig. 6. Within-session extinction functions for bout-initiation rate (cutoff IRT method) for the rats in Squad 1. A
response that followed an IRT that was equal to or longer than 1 s was classed as a bout initiation; a response that
followed an IRT shorter than 1 s was classed as a within-bout response. Note that the y axes are scaled logarithmically
so that the slope indicates relative change. The schedules of reinforcement that had been in effect during baseline
training in the presence of the two discriminative stimuli of the multiple-schedule pair are indicated at the top. Each
point shows the response rate averaged over 10 cycles during the extinction session. Because the baseline training
schedules were in effect during the first 10 cycles of the extinction test session, the first connected point in each plot
provides an estimate of baseline bout-initiation rate. Plots that drop below 0.1 responses per minute indicate that no
responses occurred during that block of cycles; a value of 0.06 was arbitrarily entered for those no-response occasions.

for the 4th rat (Rat 14) was already close to
its minimum value of 1 under baseline, so
there was virtually no room for further de-
cline. For a few extinction tests, the number
of responses per bout were more persistent
in the presence of the rich-reinforcement sig-
nal than in the presence of the lean-rein-
forcement signal (e.g., Rat 13, left column).
But overall, there was little evidence of any
consistent differential resistance to extinction
in the number of responses per bout. The
extinction plots shown in Figure 8 for the rats
in Squad 1 were similar to those for the other

rats (not shown). The trends are also consis-
tent with those apparent in Figure 5 (bottom
row) for the group-mean responses per bout
derived from the log survivor method. That
is, bout length tended to decline over the
course of extinction, and that decline was at
most only slightly differential between the
two discriminative stimuli.

It is possible to compute a mean log rela-
tive resistance index for bout length, analo-
gous to the indexes for total response rate
and bout-initiation rate shown in Table 2. In-
deed, it can be shown that such an index (for
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Table 2

Mean log relative-resistance-to-extinction indexes for each rat and for each of the three ex-
tinction sessions. The training schedules are indicated at the top. For each extinction test, the
index is shown based on total response rate and bout-initiation rate. Positive values of the
index indicate greater resistance to extinction in the presence of the rich-reinforcement sig-
nal; negative values indicate greater resistance to extinction in the presence of the lean-re-
inforcement signal. The calculation of the index is described in the text.

VI 1 min (rich) vs. VI 4 min

VI 4 min + VT 1.33 min (rich) vs. VI 4 min (lean)

(lean) Extinction 1 Extinction 2

Rat Total Bout Total Bout Total Bout

11 0.86 0.71 0.31 0.28 0.59 0.43

12 0.63 0.63 0.67 0.65 0.43 0.54

13 0.66 0.52 0.61 0.58 0.59 0.69

14 0.92 0.86 0.87 0.91 0.51 0.47

Al 0.31 0.24 0.38 0.36 0.56 0.42

A2 0.34 0.29 —0.11 0.05 0.23 0.14

A3 0.67 0.45 0.35 0.25 0.19 0.17

A4 0.60 0.55 0.24 0.26 0.25 0.25

Bl 0.40 0.22 0.40 0.32 —0.02 —0.05

B2 0.78 0.41 0.66 0.53 0.56 0.48

B3 0.33 0.30 0.03 0.02 0.45 0.38

classification based on the IRT cutoff meth-
. od) is simply the difference between the in-
3 ® VI4-minys VI 1-min . dex for total response rate and that for bout-
S 404 & VI 4-minvs VI 4-min + VT 1.33-min (1) initiati te. A be det ined £
g o VI 4-min ve VI 4-min + VT 1.33-min (2) initiation rate. As can be determined from
— A. the data in Table 2, this difference is, on av-
T 08 1 erage, positive in sign but relatively small in
2 o magnitude. In other words, the differential
% Y ot resistance of bout-initiation rate and of bout
w06 s length both contribute to the differential re-
E Voo, sistance of total response rate. But, again, the
v . . .

2 oad e contribution from the boutlength measure is
2 7 a2 v considerably smaller and less reliable than
% & ﬁ’A that from the boutdinitiation-rate measure.
@ 02 g o
o o DISCUSSION
£ 001 : :
3 v The present results replicate, with rats and
= key poking, an important and well-estab-
c 02 ‘ \ - ‘ v » lished finding about the resistance of operant
§ w02 00 02 04 06 08 1.0 . P
2 behavior to extinction in the presence of two

Mean log relative resistance for total response rate

Fig. 7. The correspondence between mean log rela-
tive-resistance-to-extinction values based on total re-
sponse rate with those based on bout-initiation rate (cut-
off IRT method). The details of these calculations are
given in the text. Each data point indicates the coordi-
nate values for 1 of the 11 rats. Positive values indicate
that the relative resistance to extinction was greater in
the presence of the rich-reinforcement signal than in the
presence of the lean-reinforcement signal. As indicated
in the legend, the three assessments of resistance to ex-
tinction are differentiated by the type of symbol. The
data are from Table 2. The dotted diagonal line indicates
perfect correspondence.

different discriminative stimuli. The discrim-
inative stimulus that has been correlated with
the higher rate of reinforcement during
training will engender the more persistent re-
sponding during extinction. Moreover, this
relation holds whether all or only some of the
reinforcers that have occurred in the pres-
ence of the discriminative stimulus have been
response dependent. Such results (e.g., Dube
et al., 2000; Grimes & Shull, 2001; Mace et
al., 1990; Mauro & Mace, 1996; Nevin et al.,
1990; Figures 1 and 3 in the present paper)
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Fig. 8. Within-session extinction functions for responses per bout (cutoff IRT method) for the rats in Squad 1.
Missing points indicate that no response occurred during that block of cycles. Other details are as given for Figure 6.

have supported the principle that resistance
to change depends much more on the stim-
ulus-reinforcer contingency than on the re-
sponse-reinforcer contingency (cf. Nevin,
1992; Nevin & Grace, 2000).

The IRT analyses in the present study were
undertaken in response to concerns that this
principle might lack generality because it is
based on total response rate as the measure
of persistence. These concerns stemmed
from evidence that total response rate is best
viewed as a composite measure rather than a
unitary one. As discussed in the introduction,
it seemed possible that different conclusions
might be reached about the determinants of
resistance to extinction depending on wheth-
er resistance is measured by total response
rate or by bout-initiation rate. For example,
it seemed possible that response-independent
deliveries of the reinforcer might affect total
response rate by generating relatively short

bouts that occur at a relatively high rate. If
so, the resistance of a response to extinction
might correlate at least as well with the base-
line bout-initiation rate as with the relative re-
inforcement in the presence of a discrimina-
tive stimulus. Alternatively, it seemed possible
that the persistence of boutinitiation rate,
unlike total response rate, might be negative-
ly related to the rate of reinforcement in the
presence of the discriminative stimulus. If so,
that would create an ambiguity about which
relation better describes a principle applica-
ble to operant behavior in general.

It turned out, however, that there was no
evidence of such complicating patterns at the
level of bout-initiation rate and responses per
bout. Indeed, whether the focus was on per-
formance during baseline training (e.g., Fig-
ures 2 and 3) or during the extinction ses-
sions (e.g., Figures 1, 5, and 6 and Table 2),
conclusions about differential resistance to
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extinction based on bout-initiation rate were
virtually the same as those based on total re-
sponse rate. With either measure of respond-
ing, resistance to extinction was greater in the
presence of the discriminative stimulus that
had been correlated with the higher rate of
reinforcers, regardless of whether all or only
25% of those reinforcers were response de-
pendent and regardless of the relative rate of
responding (either bout initiation or total re-
sponses) during baseline.

Moreover, there was no evidence that the
different baseline training schedules gener-
ated different bout lengths between the two
discriminative stimuli (Figures 2 and 3). Nor
was there any evidence that the different re-
sistances of total response rate to extinction
could be attributed to different susceptibili-
ties of bouts to disruption by extinction (Fig-
ures 5 and 8). If there was any such differ-
ential susceptibility, it was small in magnitude
relative to the differential persistence of bout-
initiation rate. In short, the present data
should alleviate concerns that conclusions
about the determinants of differential resis-
tance to extinction are limited in generality
because they are based on total-response-rate
measures.

We had hoped to trace the course of bout-
initiation rate and number of responses per
bout during extinction from estimates de-
rived from log survivor plots, but we were un-
able to do so effectively for individual rats be-
cause of the small sample sizes. The
group-mean data (Figure 5), however, indi-
cated that bout-initiation rate was more per-
sistent in the presence of the rich-reinforce-
ment signal than in the presence of the
lean-reinforcement signal. A similar pattern
of differential resistance to extinction was ap-
parent in the data from the individual rats in
which bout-initiation rate was determined by
the cutoff IRT method (Figures 5 and 6 and
Table 2). The consistency between the two
methods of measuring boutdinitiation rate
may encourage confidence in the reliability
of the pattern of results despite the fact that
one of the methods yielded orderly extinc-
tion functions only at the level of group
means.

Although the resistance of bout initiations
to extinction may sometimes be negatively re-
lated to the rate of reinforcement during
training (Mellgren & Elsmore, 1991), it ap-
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pears to be positively related when the rates
of reinforcement are correlated with differ-
ent discriminative stimuli that alternate dur-
ing the training sessions (see also Elsmore,
1971, 1979). Such results are consistent with
the results and interpretation offered by Co-
hen (1998), namely that the discriminative
stimuli (and their correlated rates of rein-
forcement) must alternate fairly frequently in
order for the stimulus-reinforcer contingen-
cies to affect persistence.

Although the conclusions regarding resis-
tance to extinction are similar whether they
are based on changes in total response rate
or bout-initiation rate, the bout-initiation-rate
findings facilitate the interpretation of the ef-
fects of extinction. For example, previous re-
search has demonstrated that bout-initiation
rate is particularly sensitive to relative rein-
forcement variables (Shull et al., 2001). Thus,
the decline in bout-initiation rate during ex-
tinction might be interpreted as reflecting a
decline in relative reinforcement value dur-
ing extinction. That the boutinitiation rate
declined differentially in the presence of the
two discriminative stimuli suggests that the
relative reinforcement value was declining at
different rates. Such a conclusion seems to be
entirely consistent with the theoretical inter-
pretation of behavioral momentum offered
by Grace and Nevin (1997; see also Nevin &
Grace, 2000), which holds that preference
and resistance to change are functions of a
common effect of reinforcement.

The smaller differential decline in respons-
es per bout during extinction is consistent
with the pause-bout conception of respond-
ing. Bout initiations can be conceptualized as
the first member of a chain (analogous to a
changeover in concurrent schedules), and
the bout itself can be conceptualized as the
second (i.e., terminal) member of the chain.
A well-documented result is that initial mem-
bers of chains are less resistant to change
than are terminal members (Mellon & Shull,
1986; Nevin, Mandell, & Yarensky, 1981).

It has been known for a long time that long
IRTs change more than short IRTs during ex-
tinction (Blough, 1963; Schaub, 1967). Un-
der the pause-bout interpretation, responses
that end long IRTs will tend to be bout ini-
tiations, and many of the responses that end
short IRTs are likely to be within-bout re-
sponses. Thus, our finding that bout-initia-
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tion rate is particularly sensitive to extinction
is consistent with the earlier findings based
on IRT duration.

In conclusion, the data for both total re-
sponse rate and bout-initiation rate support a
key feature of behavioral momentum theory
(Nevin, 1992; Nevin & Grace, 2000), namely
that the rate of operant behavior under con-
stant conditions and the resistance of that be-
havior to change are products of different
types of contingency. Response rate under
constant conditions depends heavily on the
stimulus-response-reinforcer (operant) con-
tingency, whereas resistance to change de-
pends heavily on the stimulus-reinforcer
(Pavlovian) contingency.
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APPENDIX

The performance measures from which the ratios (logarithms) shown in Figure 3 were de-
rived. The third through the eighth columns from the left list the three-session means from
the baseline sessions immediately before the extinction session. (For Condition 2b, Rats Al
through B3, the entries indicate performance on just the last session before the extinction
session because IRT data were not obtained from the earlier two sessions.) These data were
the basis of the ratios in the top three panels of Figure 3. The four columns on the right
show the data from which the relative-resistance-to-extinction measure was computed (bottom
panel of Figure 3). Baseline response rates were means taken over the last five sessions before
the extinction session. Condition 1 arranged a VI schedule in both components of the mul-
tiple schedule (VI 4 min vs. VI 1 min). Condition 2 arranged equal VI schedules in the two
components of the multiple schedule but added a response-independent (VT) schedule of
pellet delivery in one of the components (VI 4 min vs. VI 4 min + VT 1.33 min). Condition
2b is a replication of Condition 2a, following additional training.

Data for assessing resistance to extinction

Mean of last three sessions before extinction . . L R
Baseline five-session Extinction session

C Total responses Bouts Responses mean responses per responses per
((i)ir—l- per minute per minute per bout minute minute
tion Rat Rich Lean Rich Lean Rich Lean Rich Lean Rich Lean
1 11 47.36 24.38 14.24 8.19 4.69 3.89 43.60 22.06 12.80 4.32
12 60.24 35.17 14.16 11.52 7.25 4.07 69.40 43.69 10.60 1.44
13 40.63 21.35 8.99 5.41 6.50 5.46 55.21 24.23 13.24 1.68
14 16.46 6.23 11.32 5.34 2.01 1.56 16.12 7.03 3.12 0.04
Al 26.64 11.88 10.34 5.92 3.63 3.06 29.97 11.11 6.20 0.76
A2 17.87 8.89 10.03 4.74 2.00 2.08 17.81 10.06 7.88 3.68
A3 10.97 5.64 6.19 3.07 3.08 3.08 10.30 5.75 6.64 1.44
A4 46.57 19.63 9.64 7.95 7.00 5.75 49.47 19.10 14.68 4.08
B1 49.45 31.19 13.45 10.33 4.83 3.92 48.27 30.03 31.28 11.88
B2 36.03 27.04 10.14 8.77 4.81 3.91 32.41 22.96 21.28 8.32
B3 16.27 9.35 9.37 6.73 2.39 2.23 16.74 8.95 9.28 3.32
2a 11 29.68 26.64 7.11 7.10 5.18 4.97 29.86 24.35 11.36 5.40
12 21.49 22.12 14.16 11.16 2.19 2.44 22.37 22.21 9.16 2.80
13 11.93 9.87 4.15 2.33 3.42 3.78 12.10 9.70 9.16 3.32
14 3.73 3.71 4.66 3.79 1.04 1.14 3.94 3.61 2.28 0.48
Al 16.98 9.75 8.88 5.14 2.61 2.82 16.04 10.52 13.36 7.24
A2 11.05 11.90 6.08 6.94 2.19 2.47 11.33 11.55 4.44 3.40
A3 6.34 5.66 4.01 4.51 2.90 2.95 6.05 5.06 2.24 0.92
A4 20.32 14.82 6.52 7.20 4.12 3.91 21.18 14.93 8.76 5.96
Bl 31.43 26.44 7.00 6.63 4.82 4.21 29.66 24.33 14.36 8.68
B2 11.80 10.56 5.96 3.63 3.00 3.00 14.00 12.13 8.52 3.24
B3 9.06 6.30 3.87 4.07 2.95 1.99 8.80 5.59 5.88 3.40
2b 11 18.30 15.00 3.85 4.95 5.83 5.08 16.48 13.82 5.48 2.36
12 18.73 20.19 8.66 10.73 3.18 2.39 18.71 18.96 12.12 6.08
13 12.65 12.84 4.59 3.45 3.71 4.10 12.25 13.17 7.80 2.52
14 2.99 2.65 3.67 1.97 1.04 1.11 3.14 2.92 1.68 0.84
Al 19.74 12.60 13.25 6.58 2.06 2.39 18.91 14.67 8.20 3.52
A2 11.70 11.55 4.46 6.57 2.75 2.46 11.10 11.80 4.32 3.80
A3 4.50 2.67 2.71 2.47 2.49 2.38 3.89 2.96 2.40 0.40
A4 12.96 13.62 3.88 7.82 3.36 3.51 19.42 16.24 9.04 4.12
Bl 26.78 23.34 6.20 77.83 4.50 3.15 26.61 23.02 12.68 7.68
B2 12.78 13.23 5.02 3.41 3.45 3.75 13.12 13.22 9.24 3.64

B3 7.86 8.10 1.85 4.27 3.58 2.48 8.16 8.46 6.16 3.24




